Preclinical investigations have provided strong support for the hypothesis that angiogenesis is a potent driver of epithelial ovarian cancer progression. Phase ii data have revealed the activity of single-agent bevacizumab in previously treated and clinically defined platinum-resistant ovarian cancer. Several reported phase iii randomized trials, involving primary and both 'platinum-sensitive' recurrent and platinum-resistant disease, have demonstrated the addition of bevacizumab to a cytotoxic chemotherapy regimen improves progression-free survival compared with chemotherapy alone. While there continues to be considerable debate regarding the optimal dose, timing, and duration of bevacizumab administration in ovarian cancer, the existing data provide strong support for an important role for this agent in the overall management paradigm for this malignancy.
Epithelial ovarian cancer has long been recognized as being highly sensitive to cytotoxic chemotherapy, with anticipated objective response to platinum-based chemotherapy of approximately 70-85 % 1 . Furthermore, overall survival (oS) for women presenting with advanced disease has been documented to have improved over the past few decades, 2 although unfortunately the majority of responding patients ultimately experience recurrence of their disease process and die of complications associated with progression of the malignancy.
as a result, there is a critical need to find novel antineoplastic agents that have the potential to improve the outcome in this difficult illness.
Administration of Anti-angiogenic Agents in Epithelial Ovarian Cancer Preclinical Rationale
as the fundamental biologic process of new blood vessel formation (angiogenesis) has been well-documented to play a crucial role in normal reproductive physiology, 3 it should perhaps not come as a surprise that laboratory investigative efforts have demonstrated the strong association between high levels of expression (within the tumor or circulation) of vascular endothelial growth factors (VEGFs) and poor survival outcomes in ovarian cancer. [4] [5] [6] [7] These provocative observations subsequently led to an intensive search for antineoplastic agents that might interfere with the growth promoting effects of these potent angiogenic factors in ovarian cancer. as a result, a number of drugs with anti-angiogenic properties have been explored in clinical trials in the management of this malignancy.
7

Nonrandomized Experience with Bevacizumab in the Treatment of Ovarian Cancer
Bevacizumab, a monoclonal antibody inhibitor of VEGF, has demonstrated activity in a number of tumor types and specific clinical settings, and is widely employed in routine cancer management. 7 Several nonrandomized phase ii studies have confirmed both the biologic and clinical activity of single agent bevacizumab (15-20 % response rate) in previously treated patients with ovarian cancer. 8, 9 as anticipated, the most common side effect was hypertension, but in one experience a disquieting incidence (10 %) of bowel perforation was observed. 9 This outcome has been speculated to have resulted from the recognized negative impact of anti-angiogenic agents on the tissue-repair process, particularly in the setting of carcinomatosis. Furthermore, the observation has led to the suggestion that bevacizumab should be administered with great caution (if at all) in the presence of extensive intra-abdominal disease or when there is evidence of bowel dysfunction (e.g. symptoms of partial small bowel obstruction).
additional reported retrospective experiences and phase ii trial data have confirmed both the safety and potential utility of bevacizumab when combined with cytotoxic agents in ovarian cancer. however, in the absence of randomized study data, the specific contribution of the anti-angiogenic (or of the cytotoxic) to a particular suggested favorable outcome remained unknown. Table 1 ). 13, 14 gOg 218 was conducted by the gynecologic Oncology group (US) 13 , while icOn-7 was undertaken by an international consortium of investigators. 14 while the studies differed in several important details (see Table 2 ) they reached similar conclusions that the addition of bevacizumab to primary carboplatin plus paclitaxel chemotherapy improves progressionfree survival (PFS) in this clinical setting.
although the question has not been completely settled, OS does not appear to have been improved in the population of women who received bevacizumab within the two trials. the reasons for the inability to demonstrate an improvement in OS despite the statistically significant impact of therapy on PFS has been extensively discussed (and debated), but likely relates to the multiple biologically and clinically active antineoplastic agents (including bevacizumab) administered to patients after they had completed treatment on the particular study, and the favorable impact of such therapy on the population of individuals who were randomized to, and initially received, the 'underperforming control' regimen. 15 again, in these studies the major toxicity of bevacizumab was hypertension and other well-recognized vascular effects of the anti-angiogenic agent.
importantly, the incidence of bowel perforations observed in these trials was lower than that seen in the phase ii second-line study noted above. Table 1 ). 16 in contrast to the previously discussed primary chemotherapy trials, while the chemotherapy was delivered for six to 10 cycles, the bevacizumab was continued until disease progression. Of note, this was also a double-blind placebo-controlled trial. there were no unexpected safety signals in this study, and the incidence of bowel perforations resulting from bevacizumab delivery in this population was not considered to be problematic.
the study revealed the addition of bevacizumab improved PFS, but not OS. again, this outcome likely resulted from the administration of multiple clinically active antineoplastic agents (including bevacizumab) to patients following the completion of treatment on this study. disease progression within 6 months from the last dose of platinumbased chemotherapy) (see Table 1 ) 17 . the decision to employ one of these cytotoxic agents was made by the investigator. Patients randomized to the 'experimental arm' received one of the three drugs plus bevacizumab.
while the final results of this trial have yet to be reported (at the time of publication of this review article) the addition of bevacizumab was associated with a statistically significant improvement in PFS compared with chemotherapy alone. Data on OS remain immature. the impact of this treatment on a PFS endpoint is highly noteworthy as this is the first randomized phase iii trial in platinum-resistant ovarian cancer to demonstrate that any experimental regimen can improve PFS compared with a 'standard-of-care' control arm.
as with the previous studies, the toxicity profile of bevacizumab was similar to that observed in other settings. in addition, while the number of patients treated with a specific chemotherapy agent (plus or minus bevacizumab) was insufficient to draw any definitive conclusions, the addition of the antiangiogenic appeared to be equally beneficial independent of the selected cytotoxic employed.
Conclusions
Based on the existing evidence it is difficult, in the opinion of this author, to fail to conclude that bevacizumab has highly relevant biologic and clinical activity in epithelial ovarian cancer. Further, assuming careful consideration is given to individual patients who should likely not receive the agent (e.g. evidence of extensive intra-abdominal carcinomatosis with symptomatic and/or radiographic evidence of partial bowel obstruction), the toxicity profile of the drug in all of the settings tested in these excellent phase iii clinical trials appears to be quite acceptable.
Unfortunately, despite this observation, it remains difficult today to define an optimal strategy for the use of bevacizumab in epithelial ovarian cancer.
this 'difficulty' is magnified substantially when one considers the current cost of bevacizumab, particularly if contemplating 18+ months of therapy in a woman who may actually be 'cured' of her malignancy or perhaps not progress for 'several years' following the completion of cytotoxic treatment.
Finally, there is even the provocative (but potentially 'expensive question') of whether the continued administration of bevacizumab along with multiple cytotoxic chemotherapy regimens might result in the best clinical outcome.
For completeness, it should also be noted that trials demonstrating the favorable impact of paclitaxel administered on a weekly schedule as primary therapy 18 or monthly as a 'maintenance' approach 19 in the management of ovarian cancer raise the question of whether a far less expensive 'anti-angiogenic' strategy may produce similar results to bevacizumab (or other anti-angiogenic agents). Of course, the toxicity profile of paclitaxel and bevacizumab differ substantially, and the matter of 'efficacy' can only be addressed through the conduct of appropriately designed and conducted randomized trials. n
